STuDY OF ABERRATIONS AT THE Focus oF AN ULTRASONIC BEAM DUE TO THE e
PRoPAGATION AcCRoSS DIFFERENT AREAS OF THE SKULL IR o R

Sergio Jiménezt, Noé Jiménez?, Shih-Ying Wu3, Elisa E. Konofagou3+ and Francisco Camarenal
UNIVERSITAT lInstituto de Investigacion para la Gestion Integrada de Zonas Costeras, Universidad Politécnica de Valencia, Grau de Gandia, Valencia, Spain

E)(E)IK/I/T\EL(E:II:I“C(}Q 2LUNAM Université, Université du Maine, CNRS, LAUM UMR, Le Mans, France
- . 3SDepartament of Biomedical Engineering, Columbia University, New York, NY, USA
“Departament of Radiology, Columbia University, New York, NY, USA

RESULTS

FOCUSED EMITTER Depending on angle of incidence

BACKGROUND

-
N
1

—
—
!

Introduction

—_
()
1

(s}
T

0

Attenuation [dB]

0.45

Some neurodegenerative diseases as Alzheimer’'s or Parkinson’s are
supposed to be treated by using focused ultrasound therapy and
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microbubble injection, aiming the BBB (Blood Brain Barrier) opening to 0% ! . . . J
have access to concrete zones of brain and then to effectively deliver | 3 Distance transducer-skull [mm]
therapeUtiCal drugs. 5100 g100 __0_25§ Focus attenuation propagating through the center occipital zone.
o2 ¢

This study addresses the transcranial targeting of whatever part of 150 150 ’ CONCL USlONS
human brain, but specially taking into account normal skull surface
Incidence through occipital, right temporal and top parietal zones, In 200 200 * Refraction of the ultrasonic waves In the skull has shown to play an
order to analyze the ultrasound beam aberrations like attenuation, focus /CT scans  obtainin A _ A / " Important effect on the axial displacement of the beam focus. It can go
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position deviation and focus width, employing a focused transducer density 3D mapping of skull and . Focal length= 100 mm Y [mm] y [mm] from -2 to -15 mm depending on the area, angle and distance of incidence.
working at 500 kHz. water medium: Transducer aperture = 90.5 mm Propagation through the center occipital zone; normal incidence (left) and 20° of incidence (right). t seems it Is not strongly affected by the angle of incidence when it Is

ower than 10 degrees. Nevertheless, the area of incidence (occipital,

Hole radius = 17 mm 5

The Matlab toolbox k-Wave is used for time domain ultrasound 3-D fluid * Sound speed Initial pressure = 0.1 MPa :  EEEs parietal or temporal) can change considerably the shift value. Also, to

media simulations with CT-based acoustic maps of a human skull. * Density Gain = 24.95 dB B R N e ) poridge the gap between the transducer and the skull increases the axial
 Attenuation | E3% . o Y —— £ displacement of the focus, as we are increasing the interaction volume

Main objectives: * Resolution = 0.501 mm L ; between the beam and the skull.

* Development Of a geometrlcal algorlthm to Iocate the tranSducer In 10¥_|2|| (25| ¥ Leterl-Rightopparetall N * Lateral deVIa'[IOH Of the fOCUS prOVIdeS |nf0rmat|0n abOUt the non

order to generate a normal incidence beam with the skull. ROtatl on m eth 0 d fOr norm al | nC | d ence o . - . — " " | axysimmetry of the skull. These values change between 2 and 5 mm and

| S | | froeerneseneet | they look quite stable with angle incidence and transducer-skull distance.
« Analysis of the focus properties (attenuation, displacement and paand IatiL?LE\éYqu“iAﬁggztesbkﬁ”z];ﬁgis Propagaing Aaand '"’“erf‘r!riﬁé'ﬁté?f?e‘ié,ii‘ii’jf‘?oi‘;‘;“s ProPRgaIng
FWHM) when the beam propagates through the occipital, temporal and This method allows accurate rotation of skull in order to have normal y ) A.‘g'al and Iater_zla_llh FWHI_\/I_thresent d'r]:f erenthbehr?w?r tdep_er:d::nv%Hol\r/ll tgg
parietal skull zones depending on the angle of incidence: 0°, 5°, 10°, 15° Incidence, and also lets the user select the separation distance between [ inclaence Z%nei tﬁ OCt(;]'p' a .ZIO'EVIS_”\(ZW? the fS OTeS axtla 385 !
and 20° respect to the axial direction of the transducer ransducer and skull. @  Lemgntompom |- g mrr], even shorter than e axia o) e OCU.S INn water ( _ mm)
JRE R —_ ——m e - i This can be due to a focusmg effect of the skull, but it could also be due to
« Analysis of the focus properties depending on the separation distance . - N f” """""""""""""""""""""""""""""""""""" S ' a Iocal_ effect._ Lateral F\_NHM remains stable in values between 5 and 9
between transducer and Sku” propaga‘“ng through the OCClpltaI zone 1 Obtaln normal vector Of §11- ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ o i ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ - mm, Sllghtly hlgher than In water (44 mm)
' o transducer. Match the direction and 2 | | | | |
General idea: ~ _ - sense of both vectors. . N T '  As It seems logical, the attenuation of the transcranial propagation
. 2. Obtain normal vector of of T — — S - increases when the incident angle increases, as the transmission factor
Model eguations ~ targeted skull surface. o T — 3 decreases with the angle. Attenuation increases also when the
| e eedenee B distance transducer-skull is lower, as the beam cross a higher volume of
Wave Matlab toolbox is based on the k ; ol method » First, skull surface reached by ultrasound beam is obtained. Initially, Focus attenuation propagating through different skull zones. skull.
-vvave Mallab toolbox Is based on the k-space psetdospeciral method. this surface could be normal or not to the direction of propagation of Atthough  trend be found in this studv. local het "
| | | | N the beam. : : . ough several trends can be found in this study, local heterogeneities
 The coupled governing equations are combined resulting a modified i Depend | ng on d Istance to tranSd ucer In the area where the ultrasound beam crosses the skull have shown to
form of the Westervelt equation: affect drastically the location and the quality of the focus. To validate most
of the present conclusions more simulations should be done in each area,
72 10%p 1 7p . as well as in different CTs.
— 2 atz - 0° Z-axis N . .
‘0 Po ,_ - ) * Other parameters, as the number of focuses produced in the transcranial
e 2L 5 propagation or the acoustic energy deposited in a defined volume should
02 g e be incorporated in future studies.
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and rotation to locate skull properly. Normal incidence propagation through the center occipital zone; distance transducer-skull of 20 mm (left)
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Medium formed by skull, water and focused emitter transducer. For
simplycity, brain properties (sound speed, density and absorption) have
been simulated as if they were water.
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Axial and lateral FWHM of the beam focus propagating Axial and lateral deviation of the beam focus propagating
through the center occipital zone. through the center occipital zone.

Fitting the skull surface to a plane to obtain its normal vector; black points represent skull
surface reached by ultrasound beam.




